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Abstract. The problem of choosing a research portfolio has been in the literature for 
many years. Suggested solutions have ranged from simple scoring models to complex 
mathematical resource allocation models, but the acceptance rate has been low. In this 
paper we present an application of a model based on the Analytic Hierarchy Process to a 
group decision situation. The results are encouraging, showing the positive nature of 
a model as a focal point in the process. They show that the interactive nature of the 
methodology encourages the development of subjective estimates and their subsequent 
discussion. An attempt to counter the problems of biasing was also made. The method- 
ology presented is seen to be easv to use and adaptable, and becomes an integrating 
mechanism for the group. 
INTRODUCTION 
The problem of the select of R & D project port- 
folios has been of considerable interest to re- 
searchers for many years. From the early work on 
Scoring Models (e.g. see Mottley (1959) to the 
corirlex mathematical programming models (e.g. see 
Lockett (19731, Charnes (1966)), attempts have 
been made to aid the selection process. Good sur- 
veys can be found in Gear (1971), Ramsey (1981) 
and Davies (1980). The general view among R & D 
managers however, is that the number of successes 
has been small, the exact numbers being difficult 
to ascertain. They have been mainly in the de- 
velopment phase of the problem (e.g. see Cook 
(1981)) and in large organisations (see Brickman 
(1979)). Although the models have become in- 
creasingly more complex, the rate of adoption does 
not appear to have increased. There may be many 
reasons for this, one being the inherent complexi- 
ty of the research area and its accompanying uncer- 
tainty. Another reason is the difficulty of ob- 
taining data on which all the models depend: most 
of the literature, however, pays small attention 
to this aspect of modelling. 
The early models tended to see the problem as one 
of optimisation, usually with a single objective. 
Later it became increasingly clear that more com- 
plex models would be necessary if the problem was 
to be specified correctly. This has led to multi- 
objective progrannning and stochastic programming 
resource allocation models, but the rate of appli- 
cation is still low. 
Recently there have been a series of new 
approaches which attempt to take account of some 
of the causes for low rate of adoption of the 
models discussed above. It is now accepted that 
much of the necessary data is of a subjective 
nature. How this is derived and analysed is the 
concern of many researchers e.g. Phillips (1982), 
Watson (1982). One of the latest methodologies 
is the Analytic Hierarchy Process (AHP), which has 
been developed initially by Saaty (1981). Its 
main strength in the authors' view lies in the 
word "process" rather than in the word model. A 
variety of applications have been presented in the 
literature e.g. Algie (1983), Lockett (1982). 
Most of these present the problem as that of the 
single decision maker, but in this paper we look 
at an application that is based in an R & D en- 
vironment which involves a group of researchers. 
A model was developed and analysed using a variety 
of methods. Novel aspects include the problem of 
biasing and of the varying level of seniority/ 
position of the decision maker in the organisation. 
The results point to the value of the method and 
its high degree of management acceptability. In 
the next few sections the case is discussed in de- 
tail, and this is followed by a full discussion of 
the methodology in practice. 
ORGANISATIONAL AND PROBLEM BACKGROUND 
The parent organisation is the Pharmaceuticals 
Division of Imperial Chemical Industries Plc which 
spends large amounts of money on R & 0. Over the 
years it has made many attempts at modelling and 
some of the applications are used on a routine 
basis. The rate of change within the industry that 
is now being predicted means that research will be 
of even greater importance in the future. This 
leads the company to spend a large amount of time 
in attempting to forecast the future potential of 
the research projects and in choosing the "best 
project portfolio". Since the lead time for new 
drugs is also increasing, it is even more important 
to choose the "correct" project portfolio. 
This paper is concerned with a portfolio exercise 
for one section of the Division Research Depart- 
ment i.e. a project portfolio for a particular 
therapeutic area. The words best and correct have 
been used above in a loose way - how can they be 
defined? Previouslv the word ootimum was often 
used but it has been increasingly agreed that this 
is orobablv a conceot that is non-viable - almost 
mythical. *Hence we'have to accept (for the time 
being) that we are dealing with an area which has 
high ambiguity i.e. the objectives or goals of the 
exercise are not clearly defined. Although in 
many instances there are clear statements on these 
issues. when they are applied lower down in the 
organisation there are many problems. It is to 
this issue that the present paper addresses itself 
using a detailed case as the vehicle. 
Early in 1984 one of the authors and the section 
manager of the research area considered here were 
taking part in a project with external consultants 
to determine how both the organisation and methods 
used to evaluate and select research topics could 
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be improved. At about the same time while attend- 
ing a course at the Manchester Business School 
(MBSl he saw a demonstration of an AHP computer 
1--a ..- 
package and though that such a tool might afford 
a quicker and easier method for product profiling 
than was being used in the consultancy exercise..- 
The consultancy profiling exercise was subse- 
quently completed but the section manager believed 
that there would still be considerable value to be 
gained from evaluating the research topics in his 
area using the more sophisticated computer aided 
technique. Such an exercise would provide an inde- 
pendent control by comparing the outcome with some 
of the recommendations from the consultancy pro- 
ject. If it proved to be useful then the process 
could be used by other teams for solving other pro- 
blems. 
Initial discussions took place between the section 
manager and an ICI management scientist to define 
the problem. The position was that by the end of 
1984 three out of the current seven researchtopics 
would be completed releasing effort. The question 
was to which topics should the effort released be 
allocated. There were 3 possible options, the 
effort could be allocated 
1) to each of the 4 current research topics in 
addition to existing effort 
2) to one or more new research topics (possibly 
at the expense of the least attractive of the 
current topics) 
3) to other work elsewhere in research develop- 
ment. 
After due consideration it was agreed that option 
2 would be evaluated: ootion 3 miqht have to be 
evaluated later. It was'proposed ihat the remain- 
ing 4 topics together with 6 possible new topics 
should be ranked in a group process by the section 
manager and his 6 project managers using the AHP 
method. Hopefully the current topics would appear 
at the top of the ranking and not require a change 
in the existing allocation. The released effort 
could then be alloca+a,d in rank order of the new 
topics. 
It was of considerable interest in this exercise 
to determine what benefits there were with the 
group working within the framework of the AHP 
method. To assist the process it was decided to 
ask an external academic if he would lead the 
group exercise because of his experience in the 
area and previous work in the Division. This he 
agreed to do. 
At this point the three principal authors discussed 
the proposal for a group exercise with the depart- 
mental manager and presented the principles of the 
AHP method. This manager gave the go ahead and 
the other authors were brought in to assist. 
Prior to the group exercise the management scien- 
tist agreed to familiarise each member of thegroup 
with the AHP method and with how to operate the 
package on the computer. In addition the section 
manager and management scientist agreed to draw up 
a list of possible attributes and to finalise the 
list of topics to be considered. 
MODEL SPECIFICATION AND PROCESS 
To assist the process of generating attributes re- 
ference was made to Balachandra and Raelin (1984) 
who have listed 12 factors to consider if the ter- 
mination of a research topic is contemplated. In 
fact 6 of the 12 factors mentioned were adopted 
either as such or in slightly modified form for use 
in the group exercise. The use of the Repertory 
Grid technique to generate attributes was con- 
sidered but discounted as it was though that the 
important attributes were 
with the reinforcement of 
reference. 
axiomatic, particularly 
the above mentioned 
With the managers list of attributes (and topics) 
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as an agenda a group discussion was held at which 
members of the group were invited to add to the 
list and to discuss anv modifications. As a result 
of this process 3 changes and 1 addition were made 
to the original list of attributes. The final list 
of attributes with the agreed definitions are given 
in the glossary in Figure 1. The ten projects were 
defined alphabetically A to J to preserve confi- 
dentiality. 
It will be seen in Figure 1 that technical feasi- 
bility is split into 3 components thus giving a 
model with a three level hierarchy as depicted in 
Figure 2. This completed the preparatory work for 
the group exercise. 
The role played by the group exercise leader is of 
interest here. It was possible to have some idea/ 
understanding on the attributes. but on the tooics 
it was not. -Clearly, therefore; having no particu- 
lar knowledge of the projects under consideration 
the person acted as a catalyst and un-biased 
referee. 
The group of people were then given two weeks be- 
fore they attempted to provide the data for the 
hierarchical model that they had specified. This 
was done in the Business School during one whole 
day. First of all they discussed the model again 
to see if there had been further thoughts on the 
model specification. Some discussion took place 
which moved into other areas, such as peoples 
biases, which we will return to later on. However, 
in the main they were pleased to go through the 
process of running the model. Initially this was 
a repeat of the process discussed by Gear (1982), 
where the group returned after their relative 
weighting of attributes for a joint discussion. 
The group then individually looked at the choices 
and provided a final choice weighting, and the in- 
dividual results were presented to the whole group. 
As well, de-biasing was attempted, using a variety 
of devices, as we shall see later. But first of 
all let us look at some of the data that was pro- 
duced by the participants. 
THE GROUP RESULTS 
In the following tables the identity of the pro- 
jects has been disguised in the interest of confi- 
dentiality. The first results showing the attri- 
bute weightings are given in Table 1, where it 
should be remembered that each individual did the 
exercise seoaratelv. Six oroiect manaaers were in- 
volved, the'seventh column' is-the resuit from the 
section manager, and the average is calculated over 
the first six people. 
Similar types of models have been used by the au- 
thors on other problems e.g. Lockett (1983). and 
the variation between the main six contributors is 
typical of what is normally found. They are re- 
searchers on the same managerial level, one step 
lower than person seven the section manager. If 
we now compare the average with these results. some 
clear differences emerge. These are on therapeutic 
need, product champion and competence/experience. 
A lively and interesting discussion then took place 
on these differences. In sumnary the section mana- 
ger though that all the research areas had a high 
therapeutic need otherwise they would not have been 
included. Hence it was of less importance in this 
exercise. Next, the less senior people gave pro- 
duct champion less weighting because they took a 
view similar to that of the section manager on 
therapeutic need, that is they though product 
champion less weighting because they took a view 
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similar to that of the section manager on thera- 
peutic need, that is they thought product champion 
was a "given" and that they were all similar in 
this respect. The section manager on the other 
hand obviously saw big differences amongst his 
staff in this attribute and knew of the impact ?t 
had on a projects progress. In one sense they 
reasoned exactly along the same lines as the first 
difference. Their position in the decision making 
process is therefore a very important factor in 
the eyes of the manager. Finally considering com- 
petence/experience, this attribute was more of a 
problem for the senior management and hence the 
section manager gave it more weight. 
These initial results and succeedins analvsisldis- 
cussions encouraged the people to continue with 
the experiment. The rights and wrongs of the 
various numerical results were not debated, and 
this topic was left until the overall project re- 
sults had been obtained as shown in Table 2. 
Apart from a few major single differences there is 
a large measure of agreement. 
If we take the rank rather than the absolute score 
this makes the result much clearer. Also the 
agreement between the average and the section mana- 
ger is seen to be much closer than their attribute 
results would indicate. It is not possible to get 
much more information from this data, but the re- 
sults do fit in with Saaty's (1981) original ideas 
concerning the relationships between attributes 
and choices. 
Although too detailed to document here, a large 
amount of time was spent on looking at the comparc 
tive results for single attributes i.e. explana- 
tions were sought which produced lively discus- 
sions. This led on to the phase of detailed in- 
vestigative analysis of the portfolios, as de- 
scribed in the next section. In the tables so far, 
the average has been presented mainly for conve- 
nience and because it is a well understood, easy 
to derive measure which causes little or no diffi- 
culty. More complex measures have been suggested 
by other authors e.g. the best compromise by Cook 
(1981), but we feel the process is still the major 
research problem, rather than the method of calcu- 
lation. For example, how much time should be 
spent on discussion, should each person choose 
their own attributes, should the exercise be re- 
peated, are typical questions that arise. It is 
to topics such as these that the authors think 
attention should be focused, with the mathematics 
being of less importance. 
ANALYSIS OF PORTFOLIOS 
As well as the data outlined above, during the day 
we also looked for other pointers/help for judging 
relative importance. One of these was to ask for 
the expected ranking of the topics by each parti- 
cipant (note not weighting) before the start of 
the exercise. They were each given a piece of 
paper to record their ranking which they handed 
back to the chairman within a few minutes. It 
could be argued that this would bias the exercise 
following, but given the complex nature of the 
task before them this was extremely unlikely. 
They may be biased in their answers, and our hier- 
archical method attempts to allow for this, but 
more importantly the separate and gross group con- 
parisons allow this to be clearly identified. 
The final results compared with their initial ex- 
pectations given in Table 3. Although of interest 
to the authors this was not asked for by the par- 
ticipants. They were interested in the results of 
their efforts and regarded them highly. The main 
point to note is that in all cases project G has 
stayed the same or improved - across all seven 
participants. 
A more important analysis was an attempt to remove 
the individual bias of the participants towards 
their own particular projects. More of the re- 
searchers were heavily involved in one of the top- 
ics, and it was expected that this would 'colour' 
their answers. Two estimates of biasing were ob- 
tained, one from the section manager and one from 
the participants themselves, and are shown in Table 
4. In Table 5 the biased result is deleted from 
the average, and the overall effect is not seen to 
be very significant. Taking the view from the sec- 
tion manager similarly produces little change as 
shown in Table 5. 
RANKINGS ADJUSTED FOR BIASES 
Finally it was decided to analyse the data from the 
beginning but to change which attribute results 
were to be used. It will be remembered that one of 
the original major differences concerned the re- 
sults on therapeutic need i.e. 3.7 v 27.0. Assuming 
that the 3.7 is a more correct figure, each parti- 
cipants results were re-computed, and are given in 
Table 6, where it is seen that there is now very 
close agreement between the group average and the 
section manager. 
A number of other calculations were performed on 
the data. and its richness (and availabilitv on a 
computer-disc) enabled avenues of thought to be 
checked. This was done intermittently over a few 
weeks, in close consultation with and direction 
from the ICI project managers, the section manager 
and the management scientist. 
The group of topics involved some on-going and some 
new ones, and their placings were of considerable 
interest, this is shown in Figure 2. For competi- 
tive reasons it is not possible to discuss this in- 
formation, but the results have had a major impact 
on the understanding of attributes which go to make 
up the value of the different topics in any future 
portfolio. Although confidentiality prevents fur- 
ther comment on the analysis of the data at this 
point, it does not inhibit us from discussing the 
approach and implementation. 
THE MODEL IN PRACTICE 
We stated earlier that the model should be seen as 
part of a process. In this jnstance a particular 
model has been used that has comnnendable character- 
istics i.e. it is logical, easy to use, easy to 
change, and easy to discuss i.e. overall it is user 
friendly. Probably others would do as well. How- 
ever it is the use of this model that helps the 
group decision process that is of importance. 
Originally we talked of ambiguity, and our data 
shows that it exists. Note the differences on 
therapeutic need. Is the section managers answer 
'better', more 'correct'? Even though they had the 
same definition, they clearly saw it differently. 
Almost certainly this is because of their varying 
levels in the organisational hierarchy. But it 
will always be present in decision analysis, and 
our approach allows it to come out and bediscussed. 
Models which average or suppress the data are miss- 
ing what is really important. We want to look for 
robustness in various directions, but must remember 
that statistical techniques will not suffice for 
organisational insight. There may be many ways to 
present this data better e.g. multi-dimensional 
scaling may be one such method. But we must be 
prepared to build models that allow investigations 
to be made and encourage groups of people to pool 
their subjective estimates. 
If we are to help in decision analysis we should 
make experimental models as described in this 
paper. Although not mathematically complex and a 
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ATlXIBUl'ES 1 2 
BIOUXIC4LFESIBILITY 16.3 26.1 10.5 28.3 23.6 
CLINIcALlZXASIBILITY 6.2 6.2 1.5 3.1 9.0 
~ICALlXASIBILITY 2.4 2.4 5.0 7.3 5.2 
-1c NEED 32.7 26.0 34.3 25.7 15.2 
UXIFEI'ITIVE POSITION 9.1 7.8 2.8 5.4 3.4 
GENEw&suPKm 4.6 5.8 6.8 8.4 12.3 
PROLxcrcnAMPIDN 19.1 3.1 14.6 10.1 13.9 
ANXLLIARYUBES 2.9 5.3 4.3 4.8 6.7 
axmmtKE/D(pERIh 4.6 9.7 4.7 2.4 5.7 
RJ?s~INvEsIMENT 2.1 7.6 6.5 4.4 4.9 
CliOICE.9 1 2 
TABLE 2. Final Cl-nice Weights and Ranks 
PRaDzruwAGER 
3 4 5 6 AVERAGE BEClXN 
MANAGEX 
G 11.0 22.4 
A 8.9 8.1 
C 14.7 16.2 
I 8.0 12.6 
B 11.7 11.7 
E 13.5 7.1 
F 3.9 3.2 
J 6.1 5.4 
H 11.2 2.3 
D 11.0 11.0 
12.5 8.6 12.8 16.5 14.0 12.5 
6.1 x).1 6.2 9.2 9.8 9.1 
11.2 18.2 16.0 9.8 14.4 19.8 
12.2 8.8 18.5 10.6 11.8 15.2 
21.8 9.6 8.4 11.3 12.4 7.0 
7.2 4.4 3.9 15.4 8.6 9.5 
5.3 6.7 4.7 5.5 4.9 3.2 
4.6 6.7 7.9 4.2 5.8 6.3 
9.4 9.5 10.5 9.8 8.8 7.8 
9.6 7.4 11.2 7.6 9.6 9.5 
FINALCHOICEWEIGHTB 
CHOICES 1 2 
PraTEcMANAGBR 
3 4 5 6 A- SElX-ION 
MANAGER 
G 5 1 
A 7 6 
C 1 2 
I 8 3 
B 3 4 
E 2 7 
F 10 9 
J 9 8 
H 4 10 
D 6 5 
2 6 2 
8 1 : 5 
4 2 2 5 1 
3 5 1 4 4 
1 3 6 3 3 
7 10 10 2 8 
9 9 9 9 10 
10 8 7 10 9 
6 4 5 6 7 
5 7 4 8 6 
FINALC?iOIC!ERANKS 
Tu3. CbnparismofFankinqsBeforeandAfterABP 
1 2 6 
Bef Aft Bef Aft 
3 4 5 
Bef Aft Bef Aft Bef Aft Bef Aft 
C C I G B B A A I I I G 
D E G C C G J C C C H E 
H B A I I I B B H G G B 
I H E B D C F H G D C I 
G G D D G D D I B H F C 
A D C A J H C G F B E H 
E A J E F E G D A J A A 
9 I H J A A E J D A D D 
J J .B F H F I F E F J F 
F F F H E J H E J E B J 
5th ICM4 
TABL!Z 1. Attribute Weights 
.-P-MANAGER 
3 4 5 6 AVERAGE 
18.6 
2.3 
7.4 
28.4 
17.5 
2.7 
11.6 
6.0 
3.9 
1.5 
21.6 28.7 
4.7 4.3 
5.0 4.5 
27.0 3.7 
7.7 14.0 
6.8 5.5 
12.1 20.7 
5.0 2.0 
4.7 13.9 
6.5 6.5 
AVe 
C 
G 
B 
I 
A 
D 
H 
E 
J 
F 
G 
A 
C 
I 
B 
E 
F 
J 
H 
D 
ml-F& 
ORIGINAL 
TABLE 5. 
Sm.YIcwt4mwEFs 
RESULT 
Pm bL4ta?+GE$s 
BIASpER(IEpPICiiCh'NBIAS 
PEXXFTICN 
13.979 12.969 11.326 
9.774 8.129 8.147 
14.373 15.050 15.084 
11.752 12.402 12.430 
12.417 13.104 13.133 
8.598 7.628 9.094 
4.875 5.145 5.156 
5.828 6.150 6.164 
8.778 9.264 9.284 
9.626 10.159 10.181 
103.0 loo.0 1co.o 
BESEARCH PORTFOLIO 
AVERAGERESWISADJUSIED 
FQR?HE?wolSTIMATFSOFBIAs 
OFJGIIUL AIUUSED FOR ADJUSPED FOR 
RESULT 8EmIcNmNAGERS P-mm 
BIAS FEIUZEPTION CWNBIA8PEKXPTIoN 
C 
G 
B 
I 
A 
D 
H 
E 
J 
F 
C 
B 
G 
I 
D 
H 
A 
E 
J 
F 
C 
B 
I 
G 
D 
H 
E 
A 
J 
F 
TABLE 6. Assessing the Impct of "'lbrapeuticNe.d" Attribute 
AVERAGE SECPIDN 
AVERAGE** r!ANAm 
c* (14.4) C’ (17.0) C’ 
G* (14.0) 1* (14.1) I' 
B (12.4) G' (12.5) G' 
1* (11.8) D (11.4) D 
A* (9.8) Af (10.1) E 
D (9.6) B (8.6) A* 
H E (7.4) H 
E I:-:; 
J (5:8) 
H (7.1) B 
J (6.5) J 
F (4.9) F (5.3) F 
(19.8) 
(15.2) 
(12.5) 
(9.5) 
(9.5) 
(9.1) 
(7.8) 
(7.0) 
(6.3) 
(3.2) 
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* Existing projects 
l * Average calculated with therapeutic nsed 
constained to be 3.7% 
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bit messy to use, the process worked in the eyes 
of the participants. We had an 'ambiguous but 
adaptive' form of analysis. If we had tried to 
define this with the model specification it would 
probably not have been acceptable. This does not 
make our model of less importance. We have made 
it part of a more complex process and in essence 
have used it to investigate ways of looking at the 
problem. A multi-analysis approach conceptually 
fits in well with a multi-criteria model. Over 
time and with many types of experiment we may be 
able to develop better defined ways of data 
analysis: but presently we need flexibility in 
order to learn. 
The models used here allowed the participants to 
investigate their own preferences and compare them 
with their colleagues and senior management. We 
de-biased the data and manipulated a whole host of 
ambiguities. The end result was much greater in- 
sight and an agreed portfolio with a large amount 
of common agreement. This can be seen in some of 
the written comments of the participants which are 
given below:- 
"The exercise has strengthened the group because 
we can more clearly see the views of our col- 
leagues and their reasons for supporting a pro- 
granvne without necessarily agreeing with them." 
"I think the exercise process is already bearing 
fruit with the team." 
"I feel that the most useful part of the exercise 
was in the analysis of the criteria and in pro- 
viding a framework in which to think." 
"In considering the various attributes the team 
were made very aware of the factors important in 
research planning." 
As a by product of the exercise one result has 
been an effect on "team building". The group of 
people were able to discuss a very complex yet am- 
biguous problem in a thorough manner with their 
colleagues. Each person gave to the discussions, 
and all learnt something in a "threat free" en- 
vironment. This could have been brought about 
without the use of the model - but it is doubtful. 
The structured process and reasoned questions gave 
each participant a chance to articulate his pre- 
ferences/ideas and present them to their group of 
colleagues in a readily understandable manner. 
Interestingly since the group exercise was com- 
pleted an attempt has been made to structure team 
meetings by discussing topics under the various 
attribute headings. 
DISCUSSION 
In this paper we have detailed the results of an 
application of multi-criteria modelling. Discus- 
sions and modelling are still taking place and it 
is hoped to extend the approach. Nevertheless we 
feel that there have already been tremendous bene- 
fits. The group, however, found the AHP model 
somewhat tedious to operate, going through numer- 
ous pairwide comparisons. In future, ways round 
this problem will doubtless be found. 
Models, if seen as part of the decision making 
process, have a large part to play. Accepting the 
uncertainty and ambiguity that is present in many 
managerial situations, will enable a different 
approach to be made. It is of little use Manage- 
ment Scientists complaining that their models are 
not used - managers will use them if they find 
them valuable. Viewing the problem from a mana- 
gerial perspective may produce models that are 
more acceptable, and at the same time enable us to 
gain a better understanding of the place of the 
model in the process. 
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